Aerosol indirect effects, which represent the impact of aerosols on climate through influencing the properties of clouds, remain one of the main uncertainties in climate predictions (Stocker et al. 2013) . Reducing this large uncertainty requires both improved understanding and representation of aerosol properties and processes in climate models, including the cloud activation properties of aerosols. The Atmospheric System Research (ASR) science program plan of January 2010 states that: "A key requirement for simulating aerosol-cloud interactions is the ability to calculate cloud condensation nuclei and ice nuclei (CCN and IN, respectively) concentrations as a function of supersaturation from the chemical and microphysical properties of the aerosol." The Observations and Modeling of the Green Ocean Amazon (GoAmazon 2014/ 5) study seeks to understand how aerosol and cloud life cycles are influenced by pollutant outflow from a tropical megacity (Manaus)-in particular, the differences in cloud-aerosol-precipitation interactions between polluted and pristine conditions. One key question of GoAmazon2014/5 is: "What is the influence of the Manaus pollution plume on the cloud condensation nuclei (CCN) activities of the aerosol particles and the secondary organic material in the particles?" To address this question, we measured size-resolved CCN spectra, a critical measurement for GoAmazon2014/5.
The pollution plume from Manaus meanders north and south on two-to three-day cycles so that the main research site were in and out of the Manaus plume and pristine conditions every few days. The contrasts between pristine air and the pollution plume provided excellent opportunities to look into how and to what extent different aerosol size and compositions impact the CCN activity of aerosol. The CCN spectra and activation fraction of size selected particles allow a clear separation of the impact of aerosol composition from size. The diurnal and seasonal variations of CCN activity, and the influences from both aerosol size and composition, were examined under a variety of conditions ranging from pristine to heavily polluted. The influence of aerosol composition on CCN activity is manifested in particle hygroscopicity, which was derived from measured size-resolved CCN spectra. When combined with aerosol composition measurements, the derived particle hygroscopicity allowed us to characterize the average value and range of hygroscopicity for major aerosol components, including secondary organic aerosols (SOA). The long-term deployment (one-year) and the opportunities to sample both pristine air and Manaus plumes provided a sufficient data set for examining the hygroscopicities of both primary organic aerosol (POA) and SOA from the urban region, as well as SOA formed by natural biogenic precursors (including modification by the anthropogenic influence). These data sets and results can be incorporated into advanced process models for improved representation of CCN concentrations and cloud droplet formation to address the influence of tropical megacities on climate. 
Background
Observations and Modeling of the Green Ocean Amazon (GoAmazon2014/5), a field campaign by the Atmospheric Radiation Measurement (ARM) Climate Research Facility, a U.S. Department of Energy Office of Science user facility sponsored by the Office of Biological and Environmental Research, focused on the influences of pollutant outflow from a tropical megacity on aerosol and cloud life cyclesin particular, the differences in cloud-aerosol-precipitation interactions between polluted and pristine conditions. One key question of GoAmazon 2014 is: "What is the Influence of the Manaus pollution plume on the cloud condensation nuclei (CCN) activities of the aerosol particles and the secondary organic material in the particles?" To answer this question, we measured size-resolved CCN spectra, a critical measurement for GoAmazon2014/5. A system consisting of a scanning mobility particle sizer and a cloud condensation nuclei counter operated in series was deployed at the main research site (T3 site, ARM site MAO, 3°12'47.82"S, 60°35'55.32"W) near Manacapuru during the GoAmazon2014/5 campaign (February 2014 to March 2015 . Aerosol particles ranging from 50 to 250 nm in diameter, a size range over which aerosol CCN activity is strongly influenced by chemical composition, were size selected and the CCN spectra of the size-selected particles were characterized under a number of atmospherically representative supersaturations. The measurement was conducted continuously, and results are now available on the ARM Data Archive.
The measurement of CCN spectra and activation fraction of size selected particles allows a clear separation of the impact of aerosol composition from size. Combined with trace gas and other aerosol measurements co-located at the T3 site, the size-solved CCN spectra provided key information to address the following scientific objectives:
1. Variability (diurnal and seasonal) and controlling processes of aerosol CCN activity under a variety of conditions ranging from pristine to heavily polluted.
October 5 -15, 2014 -CCN operated behind oxidation flow reactor half of the time and ambient sampling the rest to investigate the changes in particle hygroscopicity upon further aging of ambient particles.
October 15, 2014 -End of Intensive Operational Period 2.
November 4, 2014 -Solenoid water supply pump in CCN replaced by technicians on site.
March 5, 2015 -Co-located sampling and calibration with the University of Sao Paulo size-resolved CCN instrument that was located at the TIWA (T2) site.
March 5, 2015 -End of instrument operation; calibration and instrument de-installation.
Lessons Learned
We discovered that the temperature fluctuation inside the IOP instrument container at the T3 site was too large (as much as 10°C change night to day) and that this significantly impacted the calibration and stability of the CCN. We corrected for this change by calibrating the instrument over a range of room temperatures (this variability was related to the change in the temperature at the top of the CCN column). This greatly increased the time needed for calibration (by a factor of 3).
Results

Seasonal Trend and Size Dependence of Hygroscopicity
The monthly average particle hygroscopicity ( ) at the T3 site ranged from 0.1 to 0.2 over all six particle sizes investigated (75, 94, 112, 142, 171, and 222 nm) , and is substantially lower than 0.3 suggested for continental sites (Andreae and Rosenfeld 2008). With the transition from the wet season to the dry season, the decreases by 0.03 -0.05 with the absolute minimum of 0.115 for all sizes occurring in September and October (Figure 1) .The low during the dry season can be attributed to the combination of high particle organic volume fraction and low organic hygroscopicity (e.g., for 94 nm = 0.038). The 75 nm aerosol exhibits the same seasonal trend as the other sizes but has the lowest over the course of the year.
increased with increasing size for all the seasons (Figure 2 ). Data for 222 nm particles were not considered for this comparison due to a systematic under-sampling of > 0.21 from limitations in the achievable instrument supersaturation, a similar but opposite result is seen for 51 nm data, where particles did not activate under the range of supersaturations investigated ( > 50% of the data). Figure 2 also shows data from a previous study in the Amazon basin during the AMAZE-08 campaign by Gunthe et al. (2009) . The size dependence during GoAmazon2014/5 generally agrees with the AMAZE-08 result for the , with the current data set having similar hygroscopicity for the background air relative to the AMAZE-08 data. A weaker trend in relative to the AMAZE-08 data might be expected because the aerosol investigated in this study spanned a much lower contribution of sulfate. 
Diel Trends of Particle Hygroscopicity
The results of the three largest sizes (Dp = 112, 142 and 171 nm) were binned together to increase the data available to create diel profiles (Figure 3) . Figure 3 shows the diel variations for the wet season under background and polluted conditions. There were only a handful of cases classified as biomass burning in the wet season and not enough to evaluate diel trends. Background air appears to have a relatively high hygroscopicity (0.2) that displays no significant diel cycle, indicating nearly constant chemical composition. The lack of diel trend agrees with the observations at the T0a site by the Max Plank Institute using a separate SCCN instrument operated by stepping the size at a given CCNc super saturation (Rose et al. 2008) . Figure 4 shows the diel trend at T0a during April and May and the month of August averaged over similar critical particle sizes as the T3 data (Dpc = 100 -175 nm) compared to background aerosol at T3 over similar periods of time.
During the wet season the diel trend of the polluted air (Figure 3) shows an increase in towards solar noon (LT = UTC -4 hours). The observed daily cycle of at T3 is influenced by the modification of the background by more local sources at night as well as daytime photo-oxidation. Measurements of size-resolved cloud condensation nuclei (CCN) spectra were performed at the T3 site of the Green Ocean Amazon (GoAmazon) field project located near Manacapuru, Brazil during 2014. The T3 site is a receptor site for both polluted urban downwind (Manaus is a city of several million 70 km upwind) and background (Amazon rainforest) air-masses and can provide a contrast between clean and polluted conditions. Particle hygroscopicity (kappa) and mixing state were calculated from the particle activation spectrum measured by size-selecting aerosols and exposing them to a wide range of supersaturation in the CCN counter (Droplet Measurement Technologies Continuous-Flow Streamwise Thermal Gradient CCN Chamber). The supersaturation was varied between 0.07 and 1.1% by changing a combination of both total flow rate and temperature gradient in the CCN counter. Measured spectra were examined for air masses with different levels of influence from the Manaus plume. Particle hygroscopicity generally peaked near noon local time, which was broadly consistent with the trend in aerosol sulfate. The average kappa values during the first intensive operational period were 0.14±0.05, 0.14±0.04 and 0.16±0.06 for 75, 112 and 171 nm particles respectively. Evaluation of particle hygroscopicity, dispersion (mixing state), and organic hygroscopicity will be presented with respect to size and level of pollution. During the Green Ocean Amazon (GoAmazon) 2014/15 campaign, measurements of size-resolved cloud condensation nuclei (CCN) spectra were made at the T3 site. These measurements ran from March 12, 2014 to March 3, 2015. Particle hygroscopicity (kappa) and mixing state were calculated from the particle activation spectrum measured by size-selecting aerosols and exposing them to a wide range of supersaturation in the CCN counter (Droplet Measurement Technologies Continuous-Flow Streamwise Thermal Gradient CCN Chamber). The supersaturation was varied between 0.07 and 1.1% by changing a combination of both total flow rate and temperature gradient in the CCN counter. During the second intensive operational period (IOP2), measurements were made in combination with the Oxidation Flow Reactor (OFR) system used by the Aerosol Mass Spectrometer (AMS). Here we evaluate the range of measured organic particle hygroscopicity with respect to indicators of oxidation as measured by the AMS (f44 and O:C) and the Aerosol Chemical Speciation Monitor (ACSM) found in the Department of Energy Atmospheric Radiation Measurement (ARM) suite. We observe overall diurnal trends, in particle CCN org), f44 CCN) for all of the seasons and air mass sources.
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During the Green Ocean Amazon (GoAmazon) 2014/15 campaign, measurements of size-resolved cloud condensation nuclei (CCN) spectra were made at a measurement site (T3) 5 hours downwind of the city of Manaus (pop. 2 million). These measurements ran from March 12, 2014 to March 3, 2015. Particle ation spectrum measured by size-selecting aerosols and exposing them to a wide range of supersaturation in the CCN counter (Droplet Measurement Technologies Continuous-Flow Streamwise Thermal Gradient CCN Chamber). The supersaturation was varied between 0.07 and 1.1% by changing a combination of both total flow rate and temperature gradient in the CCN counter. During the second intensive operational period (IOP2), measurements were made in combination with the Oxidation Flow Reactor (OFR) system coupled to an Aerosol Mass Spectrometer (AMS). Here we evaluate the range of measured organic particle hygroscopicity with respect to indicators of oxidation as measured by the AMS (f44 and O:C) and the Aerosol Chemical Speciation Monitor (ACSM) found in the Department of Energy Atmospheric Radiation Measurements (ARM) suite. We observe overall diel trends, CCN), org), f44 CCN) for all of the seasons and air mass sources. We discuss the factors contributing to the changing particle hygroscopicity throughout the day with respect to air mass sources and relative to the regional background aeroso CCN trend CCN = 0.14 ± 0.04 (wet season), 0.12 ± 0.04 (dry season)) can mostly be explained by the changing aerosol composition and contributions of the various air mass sources at the T3 site, as the regional background changes during the transition from the wet to dry season from clean to heavily influenced by biomass burning. Background conditions are sampled in ~19% of the available data while polluted and biomass-burning conditions each make up 40% of the data.
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